IL-8-dependent inflammation is a hallmark of host lung innate immunity to bacterial pathogens, yet in many human lung diseases, including chronic obstructive pulmonary disease, bronchiectasis, and pulmonary fibrosis, there are progressive, irreversible, pathological changes associated with elevated levels of IL-8 in the lung. To better understand the duality of IL-8-dependent host immunity to bacterial infection and lung pathology, we expressed human IL-8 transgenically in murine bronchial epithelium, and investigated the impact of overexpression on lung bacterial clearance, host immunity, and lung pathology and function. Persistent IL-8 expression in bronchial epithelium resulted in neutrophilia, neutrophil maturation and activation, and chemotaxis. There was enhanced protection against challenge with Pseudomonas aeruginosa, and significant changes in baseline expression of innate and adaptive immunity transcripts for Ccl5, Tlr6, IL-2, and Tlr1. There was increased expression of Tbet and Foxp3 in response to the Pseudomonas antigen OprF, indicating a regulatory T-cell phenotype. However, this enhanced bacterial immunity came at a high price of progressive lung remodeling, with increased inflammation, mucus hypersecretion, and fibrosis. There was increased expression of Ccl3 and reduced expression of Claudin 18 and F11r, with damage to epithelial organization leading to leaky tight junctions, all of which resulted in impaired lung function with reduced compliance, increased resistance, and bronchial hyperreactivity as measured by whole-body plethysmography. These results show that IL-8 overexpression in the bronchial epithelium benefits lung immunity to bacterial infection, but specifically drives lung damage through persistent inflammation, lung remodeling, and damaged tight junctions, leading to impaired lung function.
IL-8 (CXCL8) is a CXC chemokine neutrophil chemoattractant that plays a central role in innate immunity to bacterial infection (1, 2) , as evidenced by increased susceptibility to infection in defective IL-8 receptor binding (3) . Elevated IL-8 is found in the BAL, sputum, and lung tissue in various chronic lung diseases, including chronic obstructive pulmonary disease (COPD), bronchiectasis, cystic fibrosis (CF), idiopathic pulmonary fibrosis, sarcoidosis, acute respiratory distress syndrome, and asthma (4) (5) (6) (7) (8) . Several of these lung diseases are associated with polymorphisms in the IL-8 gene or its receptors (9) (10) (11) . Furthermore, increased bronchial IL-8 and neutrophilia contribute to the inflammatory response to exposure to diesel exhaust particles (12) .
Generally, elevated levels of IL-8 are associated with neutrophilia, the presence of which acutely or chronically may contribute to significant and often irreversible lung tissue damage (13) . However, in addition to persistent neutrophilic inflammation, excessive mucus production, fibrosis, and lung tissue remodeling are also common features of many of these diseases. Several key molecules that mediate lung fibrosis also regulate IL-8 expression (14) . IL-8's biological activities are mediated through binding to the G protein-coupled receptors CXCR1 and CXCR2 (15) , which are found on different types of immune cells, including neutrophils, monocytes, and natural killer cells, as well as on smooth-muscle and endothelial cells (16) (17) (18) . IL-8 receptor ligation activates neutrophil effector mechanisms such as degranulation and respiratory burst (19) , and neutrophil-independent actions such as airway smooth-muscle migration and function (16, 17, 20) . In bleomycin-induced fibrosis, CXCR2 receptor blockade reduces fibrosis and collagen deposition through a neutrophilindependent mechanism (21) . Furthermore, CXCR2 receptor antagonists have undergone trials in bacterial challenge models and in clinical settings of lung inflammation, including bronchiectasis (22, 23) .
IL-8 can be produced by diverse cell types, including myeloid cells (19) . To interrogate mechanisms underpinning the protective and pathogenic roles for persistent IL-8 in lung disease, we generated transgenic mice constitutively expressing human IL-8 (hIL-8) under control of a bronchial epithelial cell-specific promoter. Mice lack the gene for IL-8, but the CXCR2 receptor is expressed and can mediate neutrophil chemotaxis upon binding the mouse proteins keratinocyte chemoattractant (KC) and macrophage-inflammatory protein 2 (MIP-2), and murine CXCR2 can also bind hIL-8 (24, 25) . Murine KC is not a direct homolog of hIL-8 (26) . Here, we report the characterization of lung pathology in hIL-8 transgenic mice and show that IL-8 expression in the mouse lung mediates neutrophilia, with enhanced neutrophil maturation, activation, and chemotaxis; protection against Pseudomonas challenge; and changes in innate and adaptive immunity transcripts. At the same time, it causes lung remodeling, with inflammation, mucus hypersecretion, fibrosis, and leaky tight junctions, all of which result in impaired lung function. This offers a new model for the study of chronic lung disease.
Methods
The experimental protocols used in this work are described in detail in the data supplement.
Mice
Lung-targeted hIL-8 transgenics were generated using a construct carrying hIL-8, subcloned into a pBluescript II vector downstream of the CC10 promoter and upstream of the rabbit b-globin-poly(A) sequence ( Figure E1A in the data supplement). The transgenic founder was backcrossed onto C57BL/6. Mouse experiments were performed in accordance with UK Home Office legislation under project license PPL 70/7708.
RT-PCR and Real-Time PCR analysis RNA was extracted from tissue and cDNA was reverse transcribed using SuperScript III.
PCR array
cDNA samples were run on murine innate and adaptive immune response (PAMM-052Z), murine fibrosis (PAMM-120A), or murine tight junction (PAMM-143Z) RT 2 Profiler PCR array plates (Qiagen UK) on a Stratagene Mx3000p RT-PCR machine. Data were analyzed using Partek Genomics Suite version 6.6 (Partek).
BAL and Lung Tissue Preparation
BAL fluid and lung tissue were harvested. Snap-frozen lung samples were prepared for ELISA by homogenization. The lung tissue was disaggregated. BAL and lung cells were stained by Wright-Giemsa for differential cell counting.
ELISA
Paired antibodies were used for cytokine ELISAs. Albumin concentrations in BAL fluid were determined by ELISA.
Immunohistochemistry
Immunohistochemical staining was performed on wax-embedded lung sections using primary antibodies in combination with the appropriate biotinylated secondary antibodies. Measurements of the smoothmuscle diameter around the bronchioles and luminal area on smooth muscle actin (SMA)-stained lung sections were performed. Immunofluorescence staining of Claudin 18 and hIL-8 proteins was done with the use of rabbit anti-mouse Claudin 18 and goat anti-hIL-8, in combination with donkey anti-rabbit Alexa Fluor 546 and donkey anti-goat Alexa Fluor 680. Epithelial/tightjunction damage was scored.
Histological Scoring of Lung Inflammation and Fibrosis
Sections were stained with hematoxylin and eosin, periodic acid-Schiff, or Masson's Trichrome.
Clinical Relevance
Long-standing lung expression of IL-8 contributes to a double-edged sword of the inflammatory response in several lung diseases, including chronic obstructive pulmonary disease, bronchiectasis, and cystic fibrosis. The IL-8-driven mechanisms underlying these pathologies are poorly understood. The impact of IL-8 on host immunity to bacterial infection and pathogenesis in the lung was modeled through lung-targeted transgenic expression of human IL-8. were determined by differential cell counting of Wright-Giemsa-stained cytospins. Error bars represent mean 6 SEM. Statistical significance was determined using an unpaired t test (*P , 0.05, **P , 0.005, ***P , 0.0005, ****P , 0.0001).
Neutrophil Chemotaxis
Lung tissue was disaggregated and cells were resuspended for chemotaxis assays. Plates were incubated for 2.5 hours and the number of migrated cells was quantitated.
Flow Cytometry
Neutrophil oxidative burst assays with dihydrorhodamine 123 were performed using peripheral blood mononuclear cells and lung neutrophils.
Pseudomonas aeruginosa Infection
Mice were infected intranasally with 2 showed an enhanced chemotactic response to rhIL-8 in vitro compared with cells from wild-type animals (n = 4, circles) (mice 26-37 weeks old). (E and F) Flow cytometry showed cell-surface expression of the hIL-8 receptor CXCR2 on lung neutrophils from hIL-8 Tg mice (n = 6, squares) compared with wild-type mice (n = 6, circles) (mice 9-15 weeks old). Error bars represent mean 6 SEM. Statistical significance was determined using an unpaired t test (*P , 0.05, **P , 0.005, ***P , 0.0005). FL2 = fluorescence detector 2; MFI = mean fluorescence intensity; rhIL-8 = recombinant human IL-8.
P. aeruginosa in lung tissue was determined using primers specific for the ecfX gene (27) .
T-Cell Assay
Mice were immunized with 25 mg of outer membrane porin F (OprF) in TiterMax Gold adjuvant. On Day 10, draining lymph node cells were harvested for ELISpot or short-term culture with OprF antigen. T-cell antigen responses were quantified by IFN-g ELISpot.
Measurement of Airway Resistance and Compliance
Mice were anesthetized and the trachea was cannulated. Resistance and compliance measurements were taken in an artificial ventilator in response to PBS and increasing doses of methacholine.
Measurement of Bronchial Hyperreactivity
Bronchial hyperreactivity was measured by recording respiratory pressure curves via whole-body plethysmography.
Isolation of Airway Smooth-Muscle Cells and Ca 21 Flux Assays
Smooth-muscle cells isolated from lung tissue were incubated with a Fluo-4 dye before they were stimulated by the rapid addition of calcium ionophore. Baseline measurements were taken and data were acquired for at least 5 minutes after stimulation by continuous measurement using a FACSCalibur (BD Biosciences).
Results hIL-8 Expression in the Lung Promotes Neutrophilia in Transgenic Mice
We generated transgenic mice expressing hIL-8 under control of the bronchial epithelial cell-specific promoter CC10 ( Figure E1A ). The mice showed hIL-8 transcription limited to the lung, with minor transcription in the brain ( Figure  E1B (8-10 weeks old, n = 7 per group) were infected intranasally with 2 3 10 6 cfu of PA and disease severity was monitored over a 32-hour period. (B) A separate cohort of 13-to 14-week-old mice (n = 5 per group) were killed at 6 hours after infection and the relative quantity of PA present in the lung tissue was determined by real-time PCR. (C and D) Eight-week-old hIL-8 Tg (black bars) and wild-type (white bars) mice were given 2 3 10 6 cfu of PA (n = 6 per group) or PBS (n = 5 per group) intranasally and culled at 6 hours after infection. (C) TNF-a and (D) IL-6 concentrations in BAL fluid were determined by ELISA. (E) Total BAL inflammatory cell counts were determined using Wright-Giemsa-stained cytospins. The numbers of macrophages (light gray bars), neutrophils (gray bars), and lymphocytes (dark gray bars) are shown. Error bars represent mean 6 SEM. Statistical significance was determined using the logrank (Mantel-Cox) test for disease severity curves, and an unpaired t test for all other data (*P , 0.05, **P , 0.005). (Figure 2A) . Expression of the maturation marker Gr-1 and activation marker CD18 was increased on lung and peripheral blood neutrophils from transgenic mice ( Figures 2B and  2C ). The chemotactic response of lung neutrophils from hIL-8 transgenics to a gradient of recombinant hIL-8 in vitro was significantly increased compared with that of neutrophils from wild-type animals ( Figure 2D ). hIL-8 binds and signals through the CXCR2 receptor on neutrophils, resulting in internalization of the receptor (30) . Lower expression levels of the CXCR2 receptor were seen on neutrophils from hIL-8 transgenics ( Figures 2E and 2F ).
hIL-8 Transgenics Have Improved Survival after Lung Infection with P. aeruginosa
A preactivated respiratory niche of mature, activated neutrophils might be considered advantageous in the host defense against microbial pathogens. This was investigated in a model of acute lung bacterial infection by P. aeruginosa ( Figure 3 ). hIL-8 transgenics showed significantly improved protection against acute challenge with 2 3 10 6 cfu P. aeruginosa ( Figure 3A ). Seventy percent of the wild-type mice reached the humane endpoint within 7 hours of infection, compared with just 15% of the hIL-8 transgenic group (P = 0.0248). P. aeruginosa in lung tissue was quantified 7 hours after infection in a separate cohort of mice, and bacterial load was found to be significantly reduced in the hIL-8 transgenics at this time point ( Figure 3B) . No difference in IL-6 was seen between the two groups ( Figure 3C ), but protection was associated with an enhanced TNF-a response and neutrophil infiltration ( Figures 3D and 3E) . Thus far, hIL-8 expression in transgenic mice had been shown to have a pronounced effect on innate, neutrophilic immune pathways at the site of hIL-8 expression and to some extent in the periphery. However, the innate and adaptive arms of the immune system are rarely activated in isolation. A PCR array of relevant genes was analyzed in lung tissue from (uninfected) hIL-8 transgenic and wild-type mice ( Figure 4A and Table E1 ). The transgenic mice showed enhanced transcription of genes involved in chemoattraction and recognition of bacterial lipoproteins such as Ccl5 and Tlr6. In addition, genes associated with adaptive immunity, particularly T-helper cell type 1 (Th1) responses, such as Il2, Tbx21, and Ifng, were also upregulated. Tlr1 was downregulated.
To investigate T-cell responses to bacterial antigen in hIL-8 transgenics, mice were immunized with the P. aeruginosa protein OprF. In recall responses to antigen, the number of IFN-g-producing cells in the draining lymph node was equivalent between transgenics and wildtypes ( Figures 4B and 4G ). Tbet expression was greatly enhanced ( Figure 4C ). This may be explained by the concomitant upregulation of other genes associated with a more regulatory phenotype in Tbet 1 regulatory T cells (Foxp3, Il10, and Tgfb1) ( Figures 4D, 4H , and 4I) (31, 32) . There was no evidence of differences in transcription factors or cytokines associated with Th2 or Th17 T-cell responses ( Figures  4E, 4F, and 4J ).
Lung Inflammation, Mucus Hypersecretion, and Fibrosis
From the infection studies, it was clear that the hIL-8 transgenics displayed an enhanced lung host defense. Investigation turned to whether long-standing exposure to hIL-8 would result in pathological changes in the lung that are classically observed in human chronic lung diseases. A histological comparison of (uninfected) mice showed inflammation around bronchi and blood vessels ( Figure 5A ) accompanied by increased transcription of Muc5b and Muc5ac, the major mucin protein components of airway mucus (33) . These were increased sixfold and 10-fold, respectively ( Figures 5B and 5C ). Excessive mucus production is a pathological feature of many chronic lung diseases, including asthma, COPD, bronchiectasis, and CF (34) . Mucus hypersecretion, as evidenced by periodic acid-Schiff staining, was frequently observed in transgenic lung tissue and colocalized to areas of the bronchial epithelium with the greatest production of hIL-8 protein ( Figure  5D ). This was not seen in wild-type mouse lung.
We next investigated another key pathological feature, lung fibrosis, using Masson's Trichrome staining of lung tissue ( Figure 5E ). Fibrotic changes, as measured by Ashcroft scoring, were more apparent in lung tissue from hIL-8 transgenic mice compared with controls in older mice (.27 wk). A transcriptional analysis showed increased expression of transcripts for the extracellular matrix proteins collagen I and collagen III (Figures 5F and 5G), and a significant difference between transgenics and controls was seen for expression of collagen III (P = 0.0039). Further evidence that fibrotic processes occurred in the lungs of older hIL-8 transgenics came from a transcriptional array of fibrotic genes in lung tissue of 20-week-old mice ( Figure 5H and Table E2 ). Key genes in fibrotic pathways, such as Ifng, Ccl3, Il1b, Sp1, Tgfbr1, and Tgfbr2, were upregulated in hIL-8 transgenics, as was Cxcr4, which is chemotactic for lymphocytes. Timp1, a metalloproteinase inhibitor, was downregulated. Increased transcription of Ccl3 was apparent in hIL-8 transgenic lungs from 20 weeks of age, whereas differences in Ifng transcription were present from as early as 10 weeks ( Figures 5I and 5J ). Increased levels of CCL3 and IFN-g protein were present in homogenized lung tissue ( Figures 5K and 5L ).
Lung Remodeling Leads to Reduced Lung Function
A major physiological consequence of irreversible structural damage to the airways is reduced lung function. We hypothesized that the lung inflammation, mucus hypersecretion, and fibrosis observed in the lungs of hIL-8 transgenic mice would negatively impact lungfunction parameters such as airway resistance and compliance. We observed increased airway resistance and reduced lung compliance in hIL-8 transgenics in response to methacholine challenge ( Figures 6A and 6B ). There was evidence of increased bronchial hyperreactivity in older mice (,18 compared with .42 weeks of age), as measured by enhanced pause (Penh) ( Figure 6C ). The changes in lung function did not result from increased smooth-muscle mass, a feature of airway remodeling that is postulated to contribute to abnormal lung resistance in diseases such as COPD and asthma (35) . Expression of a-SMA was not significantly increased in the lung tissue of hIL-8 transgenics ( Figure 6D ). Furthermore, lung-function changes did not result from major differences in smooth-muscle function, as primary smooth-muscle cells from transgenics and wild-type control mice showed similar magnitudes and kinetics of calcium flux in response to stimulus ( Figure 6E ). Immunocytochemistry of lung sections from hIL-8 transgenic and wild-type animals showed no difference in the thickness of a-SMA surrounding the bronchi ( Figure 6F ). The luminal area of airways was smaller in transgenic mice than in control mice ( Figure 6G) . a-SMA, along with collagen I and collagen III, is a marker for epithelial-tomesenchymal transition (EMT) (36), a profibrotic process that is believed to play a role in the pathogenesis of several lung diseases, including COPD (37) . Hallmark EMT comprises downregulation of epithelial transcripts such as E-cadherin and occludin, and upregulation of mesenchymal transcripts such as vimentin and fibronectin. There was no significant Statistical significance was determined using an unpaired t test (*P , 0.05, **P , 0.005, ***P , 0.0005).
E-cadherin downregulation in the lungs of hIL-8 transgenics, although occludin transcription was reduced twofold in older mice ( Figures 6H and  6I ). Neither vimentin nor fibronectin was upregulated, and fibronectin transcripts were significantly reduced ( Figures 6J  and 6K ). Taken together, the data suggest that long-standing hIL-8 exposure results in a reduction in lung function that is not related to changes in smooth muscle nor a consequence of a classic EMT program.
Longstanding hIL-8 Exposure Results in Disruption of Tight-Junction Integrity
Although the data thus far did not support a role for EMT in lung remodeling, significant downregulation of transcripts for occludin and fibronectin was observed. Occludin is a key protein of epithelial tight junctions ( Figure 7A ), which play a vital role in maintaining the barrier function and integrity of the epithelium. Disruption of epithelial integrity has been suggested to be compromised in lung diseases such as CF (38) . Fibronectin is a component of the extracellular matrix, which is important in promoting the formation of these barrier complexes (39) . Transcripts for other tightjunction proteins (Claudin 18, Jam1, and ZO-1) were downregulated in hIL-8 The relative expression levels of transcripts for the epithelial-to-mesenchymal transition-related proteins E-cadherin (H), occludin (I), vimentin (J), and fibronectin (K) were compared in lung tissue from hIL-8 Tg and wild-type mice at (i) 10 weeks, (ii) 20 weeks, and (iii) 27 weeks of age (n = 5 per group). Error bars represent mean 6 SEM. Statistical significance was determined using an unpaired t test (*P , 0.05, **P , 0.005, ***P , 0.0005).
transgenic mice compared with controls ( Figures 7B-7D ), particularly in older mice (.27 wk old). A gene array identified reduced transcription of additional tightjunction proteins such as Magi3, Jam2, and Cgn (Table E3) , and upregulated transcription of Cldn4, which has been shown to be protective against acute lung injury (40) . The data suggest that the integrity of lung epithelial tight junctions might be compromised. The possibility of tight-junction disruption was investigated by immunocytochemistry of lung epithelium from older mice, and the results showed considerable damage to epithelial cell organization, junctions, and polarity, with a significantly increased epithelial damage score ( Figures 7E  and 7F ). This effect was not seen in epithelium from other tissues that did not express the IL-8 transgene. Disrupted organization of epithelial tight junctions was closely correlated with IL-8 expression ( Figure 7E ). Lung epithelial damage correlated with functional impairment of tight-junction permeability, as the BAL albumin concentration was increased fivefold in hIL-8 transgenics ( Figure 7G ). Collectively, these data suggest that longstanding exposure of lung tissue to hIL-8 activates inflammatory and regulatory processes, which over time result in damage to the bronchial epithelium, including loss of tight-junction integrity, and cause long-term and irreversible lung remodeling with a concomitant decline in lung function.
Discussion
We have characterized the impact of long-standing expression of high levels of hIL-8 protein in the murine lung.
We demonstrated neutrophilia and protection from bacterial challenge, but also showed that enhanced immunity comes at the cost of chronic inflammation, with evidence of damage to the integrity of the bronchial epithelium, lung remodeling processes, and a decline in lung function. It is a given that the IL-8/CXCR2 axis for neutrophil recruitment is a first-line innate defense for respiratory host immunity to bacterial and fungal pathogens. For example, an increased acute-phase IL-8 response is observed in pneumococcal pneumonia (41) . However, potent respiratory IL-8-mediated immunity is a double-edged sword, as illustrated by the number of chronic inflammatory lung diseases that feature elevated local IL-8 levels, including CF, COPD, idiopathic pulmonary fibrosis, bronchiectasis, sarcoidosis, acute respiratory distress syndrome, and asthma (4) (5) (6) (7) (8) . Previous studies have attempted to explore specific functions of IL-8 or its murine homolog, KC, through targeted expression in transgenic strains or through administration of recombinant cytokines (26, 42, 43) . Tsai and colleagues showed increased lung bacterial clearance and improved survival after infection with Klebsiella pneumoniae in a transgenic expressing lung-targeted KC (42) . This was associated with polymorphonuclear leukocyte trafficking to the lung. hIL-8 gene expression in our model is confined to the bronchial and wild-type (circles, n = 6) mice at 10-15 weeks of age was determined by ELISA. Error bars represent mean 6 SEM. Statistical significance was determined using an unpaired t test (*P , 0.05, **P , 0.005, ***P , 0.0005).
epithelium, an important physiological source of this cytokine in the human lung (44) . The levels of hIL-8 protein reported here (range 5,891-39,466 pg/ml) in mouse BAL fluid are significant. High hIL-8 levels have been reported in the literature for patients with COPD (250-750 pg/ml), CF (3,800 pg/ml), and asthma (30 pg/ml) (4, 45, 46) . However, hIL-8 is a less potent chemoattractant for murine neutrophils than for human cells (25) , and it is difficult to make direct comparisons between BAL hIL-8 levels found in transgenic mice and those observed in patients with COPD.
We have shown that recruitment of mature and activated neutrophils into the airways of hIL-8 transgenic mice confers protection from acute P. aeruginosa infection. Persistent P. aeruginosa infection is a major problem in bronchiectasis and CF, and the key role for neutrophils in the innate immune response to this pathogen is well described (47, 48) . Neutrophils are an important source of proinflammatory IL-1b during acute P. aeruginosa pneumonia (49) . Here, we report upregulation of IL-1b transcripts in the lungs of older hIL-8 transgenic mice. The documented actions of IL-1b in driving lung fibrotic processes (50) serve as a possible link between expression of hIL-8 and the lung remodeling and fibrosis seen in our mice. Other profibrotic proteins that are upregulated in the hIL-8 transgenic lung and can be secreted by activated neutrophils include IFN-g and CCL3 (51, 52) . Although, the exact cell type from which the transcripts were derived is not known as experiments looking at the relative transcription of fibrotic genes used RNA made from whole lung. CCL3 is only elevated in the lung tissue of older mice, whereas IFN-g transcripts are increased in mice as young as 10 weeks. Both probably contribute to the inflammatory response, fibrosis, and remodeling observed in these mice. Studies showing that IFN-g has a negative effect on tight-junction integrity (38) have demonstrated the interrelatedness of these pathologies. Although it is possible that the source of increased IFN-g in our model is activated neutrophils, the observation that the archetypal Th1-cell transcription factor Tbet was also upregulated suggests that hIL-8 expression also triggers adaptive immune pathways. Neutrophils lie within the innate arm of the immune system, but other studies have highlighted their potential as antigen-presenting cells for T-cell activation (53) . It is also possible that production of reactive oxygen species by activated neutrophils results in collateral damage to the lung mucosa, or that loss of tight-junction integrity exposes antigens that are capable of triggering an adaptive T-cell response. Our data regarding T-cell immunity to the P. aeruginosa antigen OprF show that regulatory mechanisms of the adaptive immune system were also engaged in the hIL-8 transgenics, presumably as a consequence of long-term exposure to proinflammatory signals such as IFN-g. Induction of Foxp3 and the antiinflammatory cytokines Il10 and Tgfb1 means that overactivation of Th1 immunity may be partially counterbalanced. In addition to Tgfb1 upregulation in T cells, lung tissue from hIL-8 transgenic mice was shown to have increased levels of the TGF-b receptors Tgfbr1 and Tgfbr2. It is not surprising that regulatory mechanisms, including those elicited through TGF-b signaling, should be upregulated in a situation where the inflammatory trigger (namely, hIL-8) is continuously present. This will also be the case in patients with chronic lung diseases such as COPD, bronchiectasis, and CF, where underlying factors predispose to repeated bacterial infection. The caveat to controlling inflammation through antiinflammatory mechanisms such as TGF-b signaling is that these mechanisms are also potent inducers of tissue fibrosis. Disruption of epithelial tight junctions in hIL-8 transgenics was profound, and apparent in significant leakage of albumin into the BAL.
The data presented here provide insight into the consequences of longterm exposure to hIL-8 in the lung. IL-8 is an integral component of innate immunity to infection, and as such, overexpression is beneficial in combating bacterial infection. However, if levels of IL-8 are elevated over a long timescale, the resultant inflammatory cascades that are initiated and consequent antiinflammatory and regulatory mechanisms that are deployed will culminate in long-term structural damage to the tissue, with inflammation, mucus hypersecretion, remodeling, damaged and leaky epithelial tight junctions, and fibrosis all leading to reduced lung function. For patients suffering from chronic lung disease associated with elevated levels of IL-8, therapeutic interventions to temper excessive proinflammatory effects may be beneficial. n
